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Abstract of JP2001220681 

PROBLEM TO BE SOLVED: To provide a 
plasma CVD system compactly and 
inexpensively producible by a simple 
constitution and capable of depositing a thin 
film uniform is film thickness over the effective 
surface of a substrate at a high speed and to 
provide a thin film deposition method. 
SOLUTION: In this plasma CVD system, a 
planar discharge electrode and a substrate are 
set so as to be mutually cofronted in a vacuum 
chamber, and reactive gas introduced into the 
vacuum chamber is made into plasma by a 
plasma generating means to deposit a thin film 
on the substrate, the space between the 
substrate and the planar discharge electrode is 
provided with a closed loop type magnetic field 
generating mechanism generating the 
magnetic field for forming a high density 
plasma region in the vicinity of the surface of 
the substrate. 
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LAI MS 

)Iaim(s)] 

)laim 1]ln a vacuum chamber, counter mutually, install a plate-like discharge electrode and a substrate, 
nd reactive gas introduced in a vacuum chamber is plasma-ized by a plasma generation means, A plasma 
VD device establishing closed-loop type magnetic field developmental mechanics which is a plasma CVD 
evice which forms a thin film on a substrate, and generates a magnetic field for forming a high-density- 
lasma field in space between said substrate and said plate-like discharge electrode near the substrate 
ice. 

Slaim 2]The plasma CVD device comprising according to claim 1: 

o said plate-like discharge electrode and an opposite hand of said substrate, it is the 2nd plate-like 
ischarge electrode. 

0 space between said substrate and the 2nd discharge electrode, it is the 2nd closed-loop type magnetic 
eld developmental mechanics. 

3laim 3]The plasma CVD device comprising according to claim 1 or 2: 

1 central magnet which said closed-loop type magnetic field developmental mechanics has been arranged 
t a medial axis and the same axle of said substrate, and was magnetized by these shaft orientations or 
iameter direction. 

i periphery magnet which has been arranged at axial symmetry at the periphery, and was magnetized by 
aid central magnet and opposite direction. 

Slaim 4]The plasma CVD device according to claim 1 which said closed-loop type magnetic field 
evelopmental mechanics is two annular periphery magnets arranged at both sides of said substrate, and b 
haracterized by having arranged so that a polarizing direction of this 2 ** periphery magnet may be made 
ertical to a substrates face, or parallel and it may oppose mutually. 

Dlaim 5]A plasma CVD device given in claim 4 paragraph providing the 2nd plate-like discharge electrode i 
aid plate-like discharge electrode and an opposite hand of said substrate. 

3laim 6]A plasma CVD device given in any 1 paragraph of claims 3-5 having arranged said central magnel 
ind/or a periphery magnet movable. 

Dlaim 7]A plasma CVD device given in any 1 paragraph of claims 3-6 providing a cooler style in said 
nagnet. 



Maim 8]A plasma CVD device given in any 1 paragraph of claims 1-7 forming a means to impress bias to 
aid substrate. 

Jiaim 9]A plasma CVD device given in any 1 paragraph of claims 1-8, wherein said substrate is a substrate 
hich has a feed hole. 

)Iaim 10]Predetermined reactive gas is introduced into a plasma CVD device indicated in any 1 paragraph 
f claims 1-9, A method for forming thin film depositing a thin film which impresses electric power to said 
ischarge electrode, generates high density plasma near [ said ] the substrate, and contains at least one 
Dmposing element of said reactant gas on said substrate. 



"ranslation done.] 



NOTICES * 



\ 



3 0 and INPIT are not responsible for any 
images caused by the use of this translation. 

.This document has been translated by computer. So the translation may not reflect the original precisely. 
.**** shows the word which can not be translated. 
.In the drawings, any words are not translated. 



ETAILED DESCRIPTION 

)etailed Description of the Invention] 
)001] 

r ield of the lnvention]This invention relates to a suitable plasma CVD device to form various thin films, sucl 
s an amorphous silicon, silicon nitride, diamond like carbon, etc. which are applied to a plasma CVD devio 
nd a method for forming thin film, especially are used for a magnetic disk, an integrated circuit, a liquid 
rystal display, etc. 
)002] 

)escription of the Prior Art]To a plasma-CVD (PCVD) device, the thing of various equipment configurations 
uch as a parallel plate type and an electronic cyclone resonance (ECR) type, is used for various thin film 
>rming, and especially a parallel plate type PCVD device, Since membrane formation stable in the easy 
quipment configuration can be performed, it is widely put in practical use by thin film forming, such as an 
itegrated circuit, a liquid crystal display, electronic parts, and a magnetic disk drive, thickness uniformity 
Iso with much more thin film in which these circuits, devices, etc. are used for these with deployment of a 
jpid miniaturization in recent years, minuteness making, and high integration is searched for - the demanc 
f high speed film formation has both become strong from a viewpoint of mass production nature. 
)003]The device for protective film formation of a hard disk (HD) is mentioned as an example, and the 
ctual condition of such a PCVD device is explained. A magnetic recording medium like a hard disk equips 
ubstrate holder with the disc-like product made from aluminum or glass boards with which the hole opened 
t the center, from both sides of a substrate, carries Out membrane formation processing one by one by the 
puttering technique and the PCVD method, and produces magnetic record film and protective films, such 
s metal-substrate films, such as Cr, and CoCrTa. Here, a protective film is provided in order to protect said 
lagnetic recording film from the corrosion by contact with the damage and the atmosphere by contact and 
)cking with a head at the time of starting and a stop of a hard disk drive (HDD), 
/hen [ reliable ] writing in and maintaining read-out over a long period of time, it is a very important 
Dimponent. 

Iso in this protective film, since the diamond like carbon (DLC) film is excellent in abrasion resistance and 
orrosion resistance, it is capturing the spotlight especially as a hard disk protective film. The plasma CVD 
evice for DLC film formation arranges a disc substrate between two plate shaped electrodes in a vacuum 
hamber, After introducing the reactant gas of hydrocarbon systems, such as methane (CH J and toluene 



2 6 H 5 CH 3 ), RF power is supplied to two plate shaped electrodes, respectively, and plasma is generated. 

eactive gas is activated by plasma, the generated active species accumulates on a substrate and a carbor 

m is simultaneously formed in substrate both sides. 

1004] 

'roblemCs) to be Solved by the InventionJHowever, in the conventional parallel plate type discharge 
lethod, since plasma has spread to a substrate and the inter-electrode whole space, a carbon film is 
eposited not only on a substrate but on the electrode section in contact with plasma. That is, plasma 
oread in the whole vacuum chamber, and since the density of the substrate circumference became thin, 
lere was a problem that the rate of sedimentation to a substrate top was slow. As a result, it was [ process 
rotective film formation ] rate-limiting in a series of hard disk manufacturing processes from the magnetic 
iformation record stratification by a sputtering technique to the carbon protective film formation by plasma 
VD. Therefore, high throughput-ization of a system is attained, and in order to build the system which was 
Kcellent in mass production nature, the plasma CVD device in which the high speed film formation of a 
arbon film is possible becomes indispensable. 

)005]Even if it is a PCVD device of a more than, the rate of sedimentation improves to some extent by 
laking supplied power, a gas mass flow, and reactant gas concentration increase, but. It is not enough to 
btain the above-mentioned high throughput, and the actual condition is that restrictions of deterioration of 
le membraneous quality by polymerization, enlargement of the flue system of a device, the field of materia 
Dst, etc. to the rate of sedimentation has stopped [ sec ] in about at most 1nm /. There was a problem that 
le conventional PCVD device had the low thickness uniformity of a hard disk substrate side. 
>006]Then, electron cyclotron resonance (ECR) plasma CVD method (JP.2-225672.A), magnetron plasma 
VD method (JP.3-247770.A), etc. are proposed in order to raise the rate of sedimentation. However, an 
CR plasma CVD system, The problem of becoming a plasma generation means being large and 
Dmplicated [ the whole device ] and expensive was, and also in the disk feed-hole part or the disk 
eripheral part, thickness became thick, and there was a problem that it was difficult to obtain the DLC film 
f uniform thickness by the large area of a substrate face. On the other hand, the trial which improves the 
lickness uniformity of a disc substrate side by attaching a dummy ring to the feed hole of a disk, and 
>rming membranes is made so that it may be indicated by JP,1 1-246972, A, but. Man days, such as 
ttachment of a ring and removal, increased, and after productivity fell on the contrary, there was a problem 

)007]On the other hand, although magnetron plasma CVD method tends to arrange a magnet in a 
ischarge electrode, tends to make the plasma density of the electrode circumference increase by the 
lagnetic field and tends to raise the rate of sedimentation, Comparing with the usual parallel plate type, the 
rte of sedimentation had the thing problem of what is improved that it could not say that it is still enough, 
ut thickness uniformity was still lower. Although the improvement of thickness uniformity is aimed at by 
loving a substrate in the method indicated to JP,3-247770,A, while the mechanism to which a substrate is 
toved is needed and the whole device is enlarged, the stability of discharge falls with movement and there 
i a problem of becoming easy to generate garbage. 

)008]Although the above describes the PCVD device which performs double-sided simultaneous 
lembrane formation of a hard disk substrate, Also about the case where an amorphous silicon, silicon 



itride, etc. are formed on one side of a Si wafer or a glass substrate. In amorphous silicon manufacture, 
as, such as Silang and a disilane, is used for material gas, Except using reactant gas, such as the Silang 
mmonia nitrogen, for silicon nitride effective in the protective film and insulator layer of a semiconductor or 
lectronic parts, the situation is the same and membrane formation of the nearby high speed is desired 
bout these thin films. 

1009] In view of each of above-mentioned problems, this invention can be produced small and cheaply with 
asy composition, and an object of this invention is for thickness to provide the plasma CVD device which 
an deposit a uniform thin film at high speed over the surface where a substrate is effective. It aims at 
-oviding the method for forming thin film which can be deposited on a high speed and uniform thickness foi 
arious thin films. 
1010] 

/leans for Solving the Problem]This invention solves a problem concerning the conventional PCVD device, 
lat the above-mentioned purpose should be attained, as a result of examining wholeheartedly high-density 
asma effective in high speed film formation, and its effective method of shutting up, it is carried out, and it 
jmes to complete it. Namely, in a vacuum chamber, a plasma CVD device of this invention counters 
lutually, and installs a plate-like discharge electrode and a substrate, Reactive gas introduced in a vacuum 
lamber is plasma-ized by a plasma generation means, Closed-loop type magnetic field developmental 
lechanics which is a plasma CVD device which forms a thin film on said substrate, and generates a 
lagnetic field for forming a high-density-plasma field in space between said substrate and said plate-like 
scharge electrode near the substrate face was established. Thus, by establishing closed-loop type 
lagnetic field developmental mechanics near the substrate in a vacuum chamber, a magnetic field parallel 
» a substrates face can occur, and, thereby, high-density plasma can be shut up now near the substrate. A 
result, since active species effective in deposition of a thin film generates so much near the substrate and 
spread on a substrate, it becomes possible to form a thin film by the high rate of sedimentation. And it 
ecomes possible by choosing a reactive gas kind to carry out high speed film formation of the various thin 
ms, such as an amorphous silicon, silicon nitride, and a DLC film. 

101 1]As for said closed-loop type magnetic field developmental mechanics, it is preferred to ** constitute 
ith said central magnet and a periphery magnet magnetized by opposite direction by being arranged at 
Kial symmetry at a central magnet which has been arranged at a medial axis and the same axle of said 
jbstrate, and was magnetized by these shaft orientations or diameter direction, and its periphery. By 
irming a magnetic field parallel to a substrates face using a permanent magnet, membrane formation whicl 
became possible [ plasma ] to be shut up effectively and to form a high-density-plasma field near the 
jbstrate, and was excellent in thickness uniformity as a result at high speed can be performed. Since a 
ermanent magnet is used, by choosing the shape, magnetic properties, etc. suitably, a suitable magnetic 
aid for each can be easily formed also about a substrate of various shape and a size, and it is a high spee( 
nd it becomes possible to form a thin film uniformly. In this invention, it is good also as composition 
rranged so that two annular periphery magnets are arranged, a polarizing direction of this 2 ** periphery 
lagnet may be made vertical to a substrates face, or parallel and said closed-loop type magnetic field 
evelopmental mechanics may be mutually ****ed on both sides of said substrate. Thus, even if it is a case 
here a central magnet is omitted, since a horizontal magnetic field field is formed toward a central directior 
F an interaction of two periphery magnets, like a case where a central magnet has been arranged, plasma 



nuts up, an effect is acquired, and high speed film formation and uniform thickness membrane formation 
an be realized by it. 

)012]In this invention, the 2nd plate-like discharge electrode can be provided in said plate-like discharge 
iectrode and an opposite hand of said substrate, and the 2nd [ further ] closed-loop type magnetic field 
evelopmental mechanics can also be provided in them. By having this composition, high-speed 
multaneous membrane formation of substrate both sides can be attained, and the productivity of a hard 
isk, a compact disk, an optical disc, etc. can be raised especially more, closed-loop type magnetic field 
evelopmental mechanics of this invention - holes, such as a hard disk, - thick film-ization around a feed 
ole which became a problem conventionally with a vacancy board can be prevented, and homogeneous 
lembrane which was excellent no matter it might be what shape can be obtained. 
)013]As for said central magnet and a periphery magnet, it is preferred respectively to suppose that it is 
lovable. Magnetic field shape and intensity can be optimized by adjusting distance of a magnet and a 
ubstrate, and thickness uniformity can be raised further, and even if it is a substrate of various shape, such 
s a disc substrate, a wafer, and a glass substrate, and a size, it becomes possible to form a thin film at hig 
peed with high thickness uniformity. 

)014]ln a plasma CVD device of this invention, it is preferred to provide a cooler style in said magnet As a 
*sult of controlling a magnetic rise in heat and being able to prevent change of magnetic field strength, 
ven when forming membranes by big RF power, stable membrane formation can be performed. It is 
referred to form a means to impress bias to said substrate. While controlling quantity of ion which flows int 
substrate by establishing a bias applying means, and energy, it becomes possible to heighten an effect 
jrther in slight closing depth of plasma. As a result, a thin film of a high characteristic can be formed more 
ccording to a synergistic effect of a high-density operation of plasma and an operation of board bias. For 
xample, it becomes possible to obtain a diamondlike carbon film of very high hardness, and it becomes 
ossible to provide a protective film also corresponding to lamination of a protective film demanded when 
ensification of the hard disk will be carried out further from now on. 

)015]A method for forming thin film of this invention introduces predetermined reactive gas into a plasma 
JVD device of above-mentioned this invention, impresses electric power to said discharge electrode, 
enerates high density plasma near [ said ] the substrate, and deposits a thin film containing at least one 
omposing element of said reactant gas on said substrate. While much more high characteristic-ization of a 
lin film is attained by forming high density plasma near the substrate and using energy and quantity of an 
operation of high density plasma, and ion controlled further, this high characteristic thin film can be formed i 
i high speed and uniform thickness. 
3016] 

Embodiment of the lnvention]Below, the embodiment of this invention is described based on a drawing. Th 
sample of 1 composition of the PCVD device of this invention is shown in drawing 1 - 3. The outline 
actional view showing the entire configuration of a PCVD device for drawing 1 t o form a protective film in 
ioth sides of a hard disk substrate simultaneously, drawing 2 , and 3 are the schematic diagrams showing 
tfosed-ioop type magnetic field developmental mechanics and a mounting arrangement for the same. 
D017]The plate shaped electrode 4 which a PCVD device is connected with the gas introducing pipe 3 
iside the vacuum chamber 1 which has the exhaust port 2 and the gas introducing pipe 3 as shown in 
Irawing 1 , and has many gas ports, 2 sets is arranged at the both sides of the substrate holder 22 in which 



le closed-loop type magnetic field developmental mechanics 10 and 1 1 for raising the plasma density of 
te upper part of the film tip part of a substrate and ** hold a hard disk substrate, and it has become an 
quipment configuration which can form a thin film in both sides of the hard disk substrate of two sheets 
multaneously. 

>018]ln drawing 1 , the shower plate 6 is formed in the inside so that the electrode 4 connected with an RF 
enerator (un-illustrating) may blow off from the electrode plate 5 which has much rocket engine jets to the 
jbstrate side uniformly [ gas ]. This electrode 4 is supported by the electrode blocks 7 which are in earth 
atentials via the insulating ring 8, and in order to prevent discharge with the electrode plate 5 and the wall 
r the vacuum chamber 1 , the electrode shield 9 is formed in these electrode blocks 7. The part by the side 
Fthe electrode 4 of the gas introducing pipe 3 comprises an insulation material, and is maintaining the gas 
itroducing pipe 3 at earth potentials. The exhaust port 2 is connected to the exhaust via the unillustrated 
lain valve. [0019]As shown in drawing 2 (a) and (b), the closed-loop type magnetic field developmental 
lechanics 10 and 1 1 is perpendicular to a substrates face, consists of the central magnet 11 and the 
sriphery magnet 10 which were mutually magnetized by the opposite direction, and is stored by the cases 
3 and 12, respectively. Plasma is shut up between the central magnet on a substrate, and a periphery 
lagnet by the magnetic field parallel to the substrates face formed with a central magnet and a periphery 
lagnet, and a high-density plasma region generates it near the substrate by it. Although the block magnet 
ivided into 12 is used for the quadrisected block magnet and the periphery magnet in the example of 
rawing 2 (b) at the central magnet 1 1, an integral-type magnet may be used. The block magnet of which 1- 
jadrisection was done is usually suitably used for ten to 15 division, and a central magnet from a viewpoin 
F handling nature, cost, and the ease of making at a periphery magnet. 

!020]The central magnet 11 is dedicated in the case 13 which consists of the cylindrical member 17 shown 
i drawing 3 (b), and the cover material 18, and from both ends, it binds tight to the support 14 in which the 
Drew was formed with the nut 16, and is being fixed to it, and the distance of a substrate and a magnet can 
b freely adjusted by moving a nut position. The collar 20 is formed in the end part of the support 14 
irawing 2 (a)), and the central magnet is supported by pinching this collar 20 with the electrode plate 5 and 
le shower plate 6. On the other hand, as the periphery magnet 10 is shown in drawing 3 (a), it is stored in 
le gutter-shaped member 19 of ring shape, and it is fixed to the periphery magnet stationary plate 15 whicl 
Iso plays the role of a lid via the screw fastening plate 20, and this stationary plate 15 is attached to the wa 
Fthe vacuum chamber 1 movable. 

)021]Although a stainless material can be used for the cases 13 and 12 of a central magnet and a 
eriphery magnet, here, As for the central magnet case 13, since high-frequency power is added and the 
eld slag of the case material may be carried out, it is preferred to use the case of the same material as the 
>w ceramic material (alumina etc.) of a sputtering yield or the thin film which it is going to deposit. Although 
stainless material can be used also about the support of a central magnet case, and a nut, a ceramic 
laterial etc. can be used like a case. As a permanent magnet, rare earth metal system magnets, such as 
mCo, are used suitably, and the shape, magnetic properties, etc. are defined according to the size of a 
jbstrate, shape, etc. The magnet of other construction material, such as an Alnico alloy, may be used. 
)0221 Drawing 2 (c) is a flat-surface schematic diagram showing the physical relationship of a magnet, the 
jbstrate 21, and the periphery magnet stationary plate 15, and the edge of the stationary plate 15 is 
ttached to the wall of a vacuum chamber movable. Since the gas which blows off from the electrode plate i 



/ constituting in this way flows on the substrate 21 through high-density-plasma space altogether, it can 
tise the utilization efficiency of reactant gas. It seems that the shape of a stationary plate may be shown, 
>r example in drawing 5 not only in this. 

)023]The substrate holder 22 is an electrode holder which can two-sheet carry a hard disk substrate, 
jpports the peripheral side face of a disc substrate by about 3-4 pawls, and has the composition of holding 
le whole substrate holder with the support 23. A bias voltage applying means (un-illustrating) is connected 
» the substrate holder 22, and the quantity of the ion which enters into a substrate, and energy can be 
Dntrolled. Here, as a bias applying means, high frequency, a pulse, or DC power supply can be used by th< 
tiality of a substrate material, etc. 

!024]As mentioned above, by this invention's arranging the closed-loop type magnetic field developmental 
lechanics which consists of a permanent magnet which forms a magnetic field parallel to a substrate face 
sar the substrate which is going to form a thin film, and enlarging plasma density of the field on a thin 
Dating film forming face, Compared with the conventional PCVD device, it becomes possible to raise 
iembrane formation speed substantially. Since as for the horizontal magnetic field on a central magnet it is 
eak and plasma density also becomes small, That is, since only plasma density between thin coating film 
>rming face absentminded can be enlarged, thick film-ization near [ which had become a problem 
Dnventionally ] the substrate feed hole is controlled, and it becomes possible to form the thin film of unifom 
lickness in the whole thin coating film forming face. 

)025]The closed-loop type magnetic field developmental mechanics of this invention may make a polarizinj 
irection parallel with a substrate face, as shown not only when arranging a magnetic polarizing direction at 
ght angles to a substrate, but in drawing 4 (a) and (b). Since a horizontal magnetic field is formed in the 
pace between the central magnet on the thin coating film forming face of a substrate face, and a periphery 
lagnet also in this case, plasma can be confined in this space, it is a high speed similarly and membrane 
>rmation of uniform thickness is attained. It is difficult to manufacture an integral-type magnet from the 
ifficulty and cost aspect of magnetization of a diameter direction, and the block magnet with which the 
entral magnet divided three to 5 division and a periphery magnet into 10-15 is used suitably. 
)026]!n the closed-loop type magnetic field developmental mechanics of the PCVD device of the 
omposition of drawing 1 , a central magnet is omitted, and even if it is a case where only a periphery 
lagnet is used, the effect of this invention can be done so. The line of magnetic force which carries out 
>caiization near the periphery magnet by the interaction between two periphery magnets arranged on both 
ides of a substrate if independent is extruded by the central direction with the line of magnetic force of the 
eriphery magnet of another side, and this is considered to extend a horizontal magnetic field ingredient to i 
entral direction. In this case, although any of shaft orientations and a diameter direction may be sufficient 
s a polarizing direction, it is arranged so that two periphery magnets may oppose mutually. Arrangement 
nd composition of a central magnet and a periphery magnet are good also as composition which does not 
sstrict to the above-mentioned thing, for example, arranges two or more periphery magnets to concentric 
ircle shape. In this case, an adjacent periphery magnet is arranged so that the horizontal magnetic field 
igredient between magnets may become large. The method of carrying out the bridging of a central magnc 
ase and the periphery magnet case, and carrying out a connecting lock, etc. are used instead of the 
lounting arrangement of a central magnet and a periphery magnet not being restricted to the method 
hown in drawing 3 , either, for example, using the support of a central magnet 



>027]AIthough the double-sided simultaneous film deposition system of the hard disk substrate was 
Kplained, the above considers it as the one electrode 4, provides closed-loop type magnetic field 
3ve!opmental mechanics only in the one side side of a disc substrate, and is good also as an equipment 
Dnfiguration of one side membrane formation. The PCVD device of this invention can be used as systems 
>r thin film deposition, such as a substrate of rectangular shape, and a Si wafer, not to mention being 
pplicable to compact disks and optical discs other than a hard disk similarly. For example, it can use 
Dnveniently as a forming device of the silicon nitride film used for an amorphous silicon, an insulator layer 
f an integrated circuit, etc. which are used for the thin film transistor (TFT) board of a solar cell or a liquid 
ystal display. High speed film formation can be similarly performed using the closed-loop type magnetic 
3ld developmental mechanics of the structure above-mentioned also in these cases. What is necessary is 
st to optimize magnetic shape, the characteristic, distance with a substrate, a central magnet, and a 
3riphery magnet, etc. according to the size of a substrate, and shape, in order to improve thickness 
niformity further. It is also possible by not arranging a central magnet but arranging only a periphery 
lagnet to the front, back, and both sides of a substrate to improve homogeneity. For example, a ferrite, an 
Inico alloy, a NdFeB system, etc. can adjust intensity by using magnetic construction material properly. 
!028]What is necessary is just to surround a central magnet in the case of a rectangular shape board like s 
FT substrate, also using a central magnet and a periphery magnet with a rectangle, and using a periphery 
lagnet as annular. As the periphery magnet was mentioned above, even if it arranges more than one, it is 
:ill better also as composition except a central magnet. In this invention, annular means a what [ is 
jrrounded ]-shaped thing and whether it is a circle or it is a rectangle are a meaning which is not asked. It 

good also as composition which puts in order two or more cylindrical magnets whose substrate is longer 
tan one side, and forms a horizontal magnetic field between magnets not using a ring magnet. 
►029]Since a magnet is heated when RF power is large, water cooling, air cooling, etc. may carry out a 
lagnet. Especially when using a magnet with a low curie point, it is preferred to provide such a cooler style : 
>r example, it stores a magnet case in the container for cooling, and should just cool through refrigerants, 
jch as water and air, inside a container. What is necessary is to store the gutter-shaped member 19 of a 
lagnet case in a gutter-shaped container, to attach this container to the stationary plate 15 via seals, such 
s an o ring, or to weld directly and just to specifically fix in the case of a periphery magnet. On the other 
and, when cooling a central magnet, the support of a cave via seals, such as an o ring, in the cylindrical 
Dntainer which has the space which can store the central magnet case 13 inside, Or what is necessary is 
ist to have composition which attaches by welding directly, makes the electrode 4 and the electrode blocks 

penetrate, fixes this support to the vacuum chamber wall 1 movable, and can supply a refrigerant to the 
tside of a container from the exterior. When using water for a refrigerant, in order to prevent magnetic 
Drrosion, it is desirable, although the resin coat of the magnet is carried out and it is protected. Or a magne 
lay be sealed for a magnet case with welding, a seal, etc. It cannot be overemphasized that it is good also 
s composition in which a refrigerant can circulate the magnet case 12 and 13 themselves through a case 
iterior as a structure of the above container not using the container for cooling separately. 
)030]lt may be made to raise thickness uniformity further in this invention using substrate rotation or a 
ansportation device, a magnetic reciprocating means, etc. The film adhering to a magnet case etc. can 
laintain the membrane formation stable for a long period of time by performing cleaning treatment by 



Kygen plasma (in the case of a carbon film), and NF 3 plasma (a-Si etc.) in the case of a maintenance. 

I031](EXAMPLE) The protective film of the diamond like carbon film was formed in the surface and rear 
jrface of the hard disk substrate made from aluminum of 3.5 or 2.5 inch diameters (the aperture of the 
antral part is 1 inch) using the device of drawing 1 , The thing of the structure shown in drawing 2 w as used 
ir closed-loop type magnetic field developmental mechanics and the periphery magnet stationary plate 15. 
ere, the periphery magnet which stored 10-mm thickness and 12 SmCo magnets with a diameter direction 
idth of 8 mm in the with the peripheral diameter of 130 mm and a diameter of inner circumference of 1 10 
im case made from SUS (1-mm thickness) was attached to the stationary plate shown in drawing 2 (c), am 
attached so that distance with a substrate might become a wall of a vacuum chamber with 1 0 mm further, 
bout a central magnet, in the case made from alumina with a peripheral diameter of 22 mm (1-mrn 
lickness), 10-mm thickness, What stored four SmCo magnets with a diameter direction width of 8 mm has 
een arranged so that a periphery magnet and a polarizing direction may become reverse, and using the 
jpport (diameter of 3 mm) and nut made from SUS, it attached so that distance with a substrate might be 
3t to 10 mm. In this case, the magnetic field strength in the substrate face was 0.03T. The area of an 
lectrode plate is 230x370 mm. 

)032]in the vacuum chamber 1 of the above composition, the mixed gas of toluene / H 2 was boiled and 

itroduced via the gas introducing pipe 3 and the electrode 4, the main valve (un-illustrating) was adjusted, 
nd the inside was kept at 4 Pa. RF power was supplied to the electrode 4 750-800W, plasma was 
enerated, predetermined time maintenance of this state was carried out, and the carbon film was made to 
eposit on both the surfaces of a substrate. Here, the pulse voltage (200 kHz, 500 ns of pulse width) of - 
50V was impressed to the substrate. In order to investigate the relation between magnet arrangement, the 
ate of sedimentation, and thickness uniformity, about 5 mm of plus or minus moved the distance of a centn 
lagnet and a substrate, and the thin film was formed similarly. The carbon film was made to deposit on a 
ubstrate in a similar manner except having removed closed-loop type magnetic field developmental 
lechanics for comparison (comparative example). 

)033]When the discharge situation was observed from the outside during membrane formation, as shown i 
rawing 1 , with the device of the comparative example, it was observed with the device of this example to 
lasma having spread vacantly over the whole vacuum chamber that the bright portion has localized 
specially on a substrate. When the current which flows during membrane formation at the substrate side 
/as measured, in the case of the comparative example, this example showed 2.5A and a big value to 
saving been 0.67A. By this example, plasma is confined in the space near the substrate by closed-loop typ< 
lagnetic field developmental mechanics, and this is considered to prove that the high-density plasma regie 
5 formed. 

3034]when the substrate was taken out after the end of membrane formation and thickness and film 
lardness were measured, in the case of the comparative example, the membrane formation rate was abou 
nm/sec - it turned out that it receives, and it is set to sec in 5-1 Onm /in this example, and no less than 5 to 
0 times [ over the past ] as much high speed film formation becomes possible. As for thickness distributior 
: turned out that a homogeneous high thin film is extremely obtained with 1 to 3% of plus or minus in the 
ange of the diameter of 15-45 mm of a substrate surface and rear surface, and the PCVD device of this 
example can realize high membrane formation of thickness uniformity compared with plus-or-minus 30% of 



Dmparative examples. Since the plasma 30 spreads to a substrate and the inter-electrode whole space as 
lentioned above when depositing from substrate both sides, the plasma of the center section of the hard 
isk which has a hole leaks and comes out from both sides of a substrate in the center, and a bias is 
roduced in plasma density. For this reason, although there was a problem that the film of a disk center 
action became thick, by this example, since the closed-loop type magnetic field is formed, the plasma 
ensity of a center portion is thin, and since only a substrate significant surface top serves as a high density 
rea, it is thought that thickness uniformity improved. It turned out that the direction of thickness uniformity 
tiich separated the central magnet from the substrate a little rather than the periphery magnet tends to 
nprove when the closed-loop type magnetic field developmental mechanics of the shape of this example is 
sed. 

)035]lt not only raises membrane formation speed, but it became clear that membrane characteristics were 
nprovable by the hardness of the film obtained by this example becoming one no less than 1.5 times the 
igh value [ 30GPa and ] of a comparative example, and forming high-density plasma near the substrate. It 
i thought that ion drawing in and high density plasma according [ this ] to bias application acted 
/nergistically, and became a diamond like carbon film in which a carbon film includes more diamond 
tructures in response to a lot of ion bombardments. 

)036]As mentioned above, when hydrocarbon, such as CH 4 and C 6 HgCH 3> is used for material gas, a DLC 

im is formed, but when silane gas is used as material gas, an amorphous silicon can be formed, for 
xample. High speed film formation of the amorphous silicon of good membraneous quality and uniform 
lickness distribution can be carried out to the substrate of a large area, without producing a defect in a film 
nlike the case where the rate of sedimentation by the increase in discharge electricity is raised, since a 
igh density area will be formed in the conventional plasma according to this method. In this case, what is 
ecessary is just to adopt the closed-loop typogenesis mechanism of rectangular shape, etc., as mentioned 
bove since a substrate is a large-sized glass substrate. It is better not to impress negative board bias, sine 
defect is produced by the shock by ionic species in amorphous silicon formation. Similarly, when reactant 
as, such as the Silang ammonia nitrogen, is used for material gas, the silicon nitride of good membraneou 
uality effective in the protective film and insulator layer of a semiconductor or electronic parts and uniform 
lickness distribution can be formed at high speed. 
)037] 

Effect of the lnvention]By the above explanation, according to this invention, the insulator layer in integrate 
ircuits which are hard-disk-information recording media, such as noncrystalline semiconductors, such as a 
arbon protective film of a magnetic disk, and an amorphous silicon, or silicon nitride, etc. so that clearly, It 
ecomes possible to provide the PCVD device which cannot need a huge equipment configuration, but can 
lanufacture small and cheaply with easy composition, and can deposit the high characteristic thin film of 
miform thickness at high speed covering the effective surface of a substrate. 



franslation done.] 
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ESCRIPTION OF DRAWINGS 
Jrief Description of the Drawings] 

Drawing 1] lt is an outline sectional view showing the example of 1 composition of the PCVD device of this 
ivention. 

Drawing 2] lt is a schematic diagram showing an example of closed-loop type magnetic field developmental 
lechanics. 

Drawing 3] lt is a schematic diagram showing the mounting arrangement of a center and a periphery 
lagnet. 

Drawing 4] It is a schematic diagram showing other examples of the closed-loop type magnetic field 
evelopmental mechanics of this invention. 

Drawing 5] It is a schematic diagram showing ****** of a center and a periphery magnet, and a substrate. 

Description of Notations] 

Vacuum chamber, 

Exhaust port, 

Gas introducing pipe, 

Plate shaped electrode, 

Electrode plate, 

Shower plate, 

Electrode blocks, 

Insulating ring, 

Electrode shield, 

0,11 closed-loop type magnetic field developmental mechanics (plasma densification mechanism), 
2, 13 magnet cases, 

4 Support, 

5 Periphery magnet case stationary plate, 
:1 Substrate, 

:2 Substrate holder, 
;0 Plasma. 
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NOTICES * 



*0 and INPIT are not responsible for any 
images caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
In the drawings, any words are not translated. 
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